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Summary

Two families with autosomal dominant cerebellar ataxia
with pigmentary macular dystrophy (ADCA type II) were
investigated. Analysis of 23 parent-child couples demon-
strated the existence of marked anticipation, greater in
paternal than in maternal transmissions, with earlier age
at onset and a more rapid clinical course in successive
generations. Clinical analysis revealed the presence of a
great variability in age at onset, initial symptom, and asso-
ciated signs, confirming the characteristic clinical hetero-
geneity of ADCA type II. The gene for ADCA type II
previously was mapped to the spinocerebellar ataxia 7
(SCA7) locus on chromosome 3p12-p21.l. Linkage anal-
ysis of the two new families of different geographic origin
confirmed the characteristic genetic homogeneity of
ADCA type H, distinguishing it fromADCA type I. Haplo-
type analysis permitted refinement of the SCA7 region to
the 5-cM interval between markers D3S1312 and
D3S1600 on chromosome 3p12-p13. Eighteen sequence-
tagged sites were used for the construction of an integrated
map of the candidate region, based on a YACs contig.
The entire candidate region is contained in a single non-
chimeric YAC of 660 kb. The probable involvement of a
CAG trinucleotide expansion, suggested by previous stud-
ies, should greatly facilitate the identification of the gene
for ADCA type II.

Introduction

The autosomal dominant cerebellar ataxias (ADCAs)
are a clinically and genetically heterogeneous group of
neurodegenerative disorders. Several neuropathological
and clinical classifications have been established (Ko-
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nigsmark and Weiner 1970; Harding 1982, 1993). In
the most commonly and widely accepted classification
(Harding 1993), ADCA type II is characterized by pro-
gressive cerebellar ataxia associated with pigmentary
macular dystrophy. As in other ADCAs, the age at onset,
degree of severity, and rate of progression vary among
and within families (Benomar et al. 1994). The fre-
quency of associated neurological signs, such as ophthal-
moplegia, pyramidal or extrapyramidal signs, deep sen-
sory loss, or dementia, is also variable (Benomar et al.
1994; Enevoldson et al. 1994; Gouw et al. 1994; Martin
et al. 1994). As in ADCA type I (Durr et al. 1993),
anticipation is observed and is greater in paternal than
in maternal transmissions (Benomar et al. 1994, 1995).
We have previously mapped the gene for ADCA type

II, in four families of different geographic origins, to
chromosome 3pl2-p21.1 (Benomar et al. 1995). Al-
though at least five loci are implicated in ADCA type I
(reviewed in Rosenberg 1995), genetic homogeneity is
a characteristic ofADCA type II, since two recent studies
(Gouw et al. 1995; Holmberg et al. 1995) have reported
five other families of various origins linked to this locus,
designated "spinocerebellar ataxia 7" (SCA7). The in-
terval for SCA7, deduced from two overlapping candi-
date regions on chromosome 3p (Benomar et al. 1995;
Gouw et al. 1995), had been restricted to '15 cM be-
tween markers D3S1300 and D3S1217.
We report the refinement of the candidate region to

5 cM by linkage analysis and haplotype reconstruction
in two new families in which linkage to SCAl, SCA3/
MJD, and DRPLA loci had been excluded. Eighteen ge-
netic markers were used to built up a YACs contig that
spans this region. The results showed that the SCA7
locus lies within a 660-kb YAC. The large discrepancy
between the estimated genetic and physical distances
suggests that this region is a possible recombination hot
spot.

Subjects and Methods
Families
Two families from Brazil (BRA) and the United King-

dom (UK) were selected for analysis. These were identi-
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fied during an intensive door-to-door project to detect
families with various forms of ADCAs. The two families
were classified as ADCA type II, according to the criteria
used by Enevoldson et al. (1994). Family BRA originated
from a small town in a rural area of northern Brazil.
Through a genealogical study back to the late 1700s,
we were able to identify the common ancestors of four
large branches of the family, providing an eight-genera-
tion pedigree with >700 members. Of the 97 affected
subjects, 49 were males and 48 were females. Sixty-
seven subjects from the two families were examined,
including 23 patients.

Clinical Analysis
Age at onset, established by an unsteady gait and/or

a visual failure caused by ascertained maculopathy, was
determined for 41 patients. Three classes of age were
used for comparison of the initial symptom: class I, 0-
20 years; class II, 21-40 years; and class III, 41-72
years. Comparisons of means were performed with non-
parametric and Student's t-tests, and comparisons of fre-
quencies were performed with the X2 test or, when neces-
sary, with the Yates corrected X2 test.

Genotyping
Blood samples were taken from the 67 consenting

individuals, and high-molecular-weight genomic DNA
was extracted. Eleven dinucleotide repeats from the Gen-
ethon map, placed in the 13 cM between D3S1300 and
D3S1285, were selected for the refinement of the SCA7
region (Dib et al. 1996). Genotyping of dinucleotide
repeats was determined by PCR amplification, in a final
volume of 40 g1, with 100 ng of genomic DNA, 200
jiM of each dNTP, and 32 pmol of each primer, in 1 x
PCR buffer (500 mM KCI, 70 mM MgCl2, 2 mg BSA/
ml, and 160 mM (NH4)2SO4). Taq DNA polymerase
(0.1 unit; ATGC) was added during the first denatur-
ation step (Chou et al. 1992). Then, 35 cycles of denatur-
ation at 940C for 15 s, annealing at 550C for 15 s, and
extension at 72°C for 15 s were performed, followed by
a final extension for 2 min. Aliquots of the PCR products
were diluted 1:5 in formamide loading buffer. After a
denaturation step at 94°C for 10 min, 2 p1 of the mix
were loaded on a 6% acrylamide/bis-acrylamide/7 M
urea sequencing gel. Then, DNA was blotted on nylon
membrane (Hybond N+; Amersham) and denatured in
0.4 N NaOH for 15 min, and membranes were washed
in 2 x SSC. Hybridization was performed at 42°C for
3 h, with a y32P dATP end-labeled (CA)15 oligonucleo-
tide in 40 ml of Amasino buffer (Amasino 1986). Mem-
branes were washed at room temperature for 15 min,
in 2 x SSC and 0.1% SDS and were exposed overnight
to X-ray film.

Linkage Analysis
Pairwise and LOD scores were calculated by use of

the MLINK program of the FASTLINK package (ver-

sion 2.2) (Lathrop and Lalouel 1984; Lathrop et al.
1985; Cottingham et al. 1993; Schaffer et al. 1994). The
disease was considered to be autosomal dominant, with
a frequency of .0001. Unknown status was attributed
to all at-risk individuals who were not clinically exam-
ined, as well as to those individuals who were probably
affected. Since penetrance of the disease is a function of
age, individuals were assigned to the following liability
classes determined from the cumulative age-at-onset
curve of the analyzed families (data not shown): age 0-
9 years, .04; age 10-19 years, .25; age 20-39 years,
.57; age 40-59 years, .84; and age >60 years, .98. Be-
cause of the weight of as-yet-unaffected at-risk individu-
als, LOD scores also were calculated by the affected-
only method, by setting the penetrance at .001. Allele
frequencies for the markers that were used in the linkage
analysis were computed from :30 unrelated individuals
of different geographic origin. LOD scores also were
calculated under the assumption of equal allele frequen-
cies and yielded similar LOD scores (data not shown),
indicating true cosegregation and eliminating the possi-
bility that false-positive LOD scores were obtained be-
cause of inaccurate allele frequencies. Recombination
fractions were assumed to be equal for males and fe-
males. The HOMOG program (version 3.10) was used
to test genetic homogeneity (Ott 1991).

YAC Contig Formation
Total yeast DNAs from 70 YACs from the CEPH

library, previously mapped to chromosome 3pl2-p21.1
(Gemmill et al. 1995), were extracted by use of standard
protocols. The screening was performed with the 11
polymorphic microsatellite markers from Genethon
(Dib et al. 1996) that were used for the genetic analysis
and with seven sequence-tagged sites (STSs) derived
from either the Whitehead Institute for Biomedical Re-
search database (WI-7177, WI-9056, D3S3119,
D3S3395, WI-8051, and D3S3068) or the Cooperative
Human Linkage Center database (GATA-61E08). PCR
was performed by use of the same procedures as de-
scribed previously. For each PCR set, a positive (human
genomic DNA) and a negative (pyrolysed water) control
were added to ascertain the absence of contaminant.
Aliquots of the PCR products were mixed 5:1 with load-
ing buffer (0.05% bromophenol and 60% glycerol) and
were run on a 1% agarose gel containing 0.5 ,ug of
ethidium bromide/ml. To avoid false-negative YACs,
PCR were performed at least twice for each DNA.

FISH
Chromosomal analysis of the chimerism of the 11

YACs was performed by FISH according to a protocol
described elsewhere (Rosier et al. 1994; Goguel et al.,
in press). Probes were obtained by PCR amplification
of the human YAC insert, with Alu S (5' GCCACTG-
CACTCCAGCCTGGG 3') and Alu R (5' GCCTC-

1329



Am. J. Hum. Genet. 59:1328-1336, 1996

CCAACGTGCTGGATTACAG 3') primers. An anneal-
ing temperature of 550C was chosen, with both primers
combined in the same PCR, and 30% of labeled nucleo-
tide (biotin-16-dUTP) was used and incorporated into
the reaction. Since repetitive elements also are amplified
in these PCR conditions, a competition using human
placenta and human Cot-1 DNA was required for the
suppression of the fluorescent Alu background. Hybrid-
izations were performed on human metaphase spreads
prepared from phytohemagglutinin-stimulated lympho-
cytes obtained from healthy donors. They were exam-
ined with a Leica Aristoplan microscope equipped with
epifluorescence. Microphotographs were taken by use of
an oil-immersion objective 10Ox and the Leica MPS46
automatic system.

Results

Clinical Evaluation and Anticipation Analysis
Mean age at onset, 32 ± 17 years (range 1-72 years),

was similar in families BRA and UK, and mean disease
duration was 16 ± 10 years (range 1-29 years). Clinical
information was collected from 41 patients from family
BRA, to determine the first symptom of the disease. The
sex of the transmitting parent also was ascertained for
36 patients. When the disease was transmitted by the
mother (N = 13), it started, in 54% of the subjects, with
visual failure; in 38%, with ataxia; and, in 8%, with
ataxia and visual failure. In the offspring of an affected
father (N = 23), in only 22% did the disease start with
visual failure, and in the other 78% it started equally
with ataxia or ataxia together with visual failure. Al-
though the difference was not quite statistically signifi-
cant (P = .06), this suggests that the sex of the transmit-
ting parent influenced the nature of the first symptom.
Age at onset also influenced the initial symptom. We
did not find a significant difference between classes I
and II, but in class III the disease started with ataxia in
7 of 10 patients, and in the remaining 3 it started with
ataxia and visual failure at the same time; but in none
did it start with visual failure alone (P < .03). All the
subjects who initially had isolated maculopathy (N
= 12) developed an ataxic gait after a variable period
of time (1-22 years). Most of the subjects in whom the
disease started with ataxia (N = 14) developed visual
failure after 1-21 years, except for two subjects, ages
53 and 80 years, in whom visual failure was absent after
5 and 8 years of evolution, respectively.
The clinical features of 23 examined patients are sum-

marized in table 1. Eighteen of 23 patients showed various
degrees of ophthalmoplegia. In the very early stage of the
disease, gaze restriction was supranuclear, but it became
nuclear as the disease evolved. Computed-tomography
(CT) scans were performed in one patient from each fam-
ily and showed cerebellar and brain-stem atrophy. Eigh-
teen patients were wheelchair bound after a mean dura-

Table 1

Clinical Features of 23 Patients with ADCA Type 11

Family BRA Family UK

No. of patients 21 2
Mean age at onset (years) 32 ± 14 40 ± 55
Disease duration (years) 13 ± 8 8 ± 9
Truncal ataxia 21/21 2/2
Visual failure 17/21 1/2
Limb ataxia 19/21 2/2
Dysarthria 20/21 2/2
Nystagmus 9/21 0/2
Ophthalmoplegia 17/21 1/2
Slow saccades 8/21 0/2
Dysphagia 10/21 1/2
Pyramidal signs 21/21 1/2
Chorea 1/21 0/2
Dystonia 2/21 0/2
Sensory loss 3/21 0/2
Dementia 0/21 1/2

tion of 12 ± 6 years. Patients BRA-8993, BRA-9015, and
UK-9178 had no affected first-degree relatives, but, on
neurological examination, they showed clear signs of the
same disease that affected other family members. Patient
BRA-8993, age 48 years, presented with a 10-year history
of bilateral visual failure and 5 years of unsteadiness. At
examination, an ataxic gait was evident, with moderate
limb ataxia and dysarthria. Marked restriction of upgaze
and lateral gaze was present, as well as slowing of saccades
in all directions. Tendon reflexes were pathologically
brisk, and plantar reflexes were unresponsive. There were
no extrapyramidal signs; power, tone, and sensation were
normal. Fundoscopy showed the absence of a macular
reflex and mottling of pigment at the macula in both eyes.
Her father had died of cancer at age 47 years, without
any neurological symptoms or signs. Patient BRA-9015,
seen at the age of 53 years, had at that time a 5-year
history of unsteady gait. None of her two offspring and
none of her five siblings showed signs of the disease. After
5 years of evolution, she presented with moderate ataxia
of gait and dysmetria, dysarthria, downbeat nystagmus,
upgaze ophthalmoplegia, brisk reflexes, and impassive fa-
cies. She did not complain of decreased visual acuity, and
maculopathy was absent on fundoscopy. Her father died
of a heart attack at the age of 60 years. According to the
family informant, the father had diabetes and a > 10-year
history of progressive leg "weakness." A few years before
his death he had developed bilateral ptosis and visual
failure, especially of central vision. This suggests that he
was affected with the same disease as his daughter. Patient
UK-9178 presented at the age of 14 mo, with unsteadi-
ness. By age 17 mo she was unable to sit or stand without
support. Intentional tremor was evident in the hands, and
there was positional tremor of the head. Dysphagia,
slightly increased tendon reflexes, and increased macular
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Figure 1 Distribution of age at onset for 41 patients from family BRA, according to generation. Anticipation is shown by the younger
age at onset in successive generations.

pigmentation were observed. A marked hypotonia was

present. At this stage she already showed clear mental
deterioration. A CT scan performed at the time revealed
cerebellar and brain-stem atrophy. Her father, in his mid
40s, is still asymptomatic.

In family BRA, the mean age at onset decreased from
generation to generation: generation IV, 50 ± 14 years,

N = 2; generation V, 45 + 16 years, N = 10; generation
VI, 35 + 9 years, N = 16; generation VII, 17 ± 9 years,
N = 8; and generation VIII, 7 ± 7 years, N = S (P
< .002). The distribution according to the generations
is shown in figure 1. Disease duration until death also
decreased: generation IV, 29 + 13 years, N = 2; genera-
tion V, 17 ± 6 years, N = 6; generation VI, 20 + 2
years, N = 2; generation VII, 7 ± 7 years, N = 2; and
generation VIII, 2 ± 0 years, N = 3 (P < .05). The
decreasing age at onset in successive generations is asso-

ciated with a decreasing disease duration, which reflects
a more severe course of the disease. The sex of the af-
fected parent influenced anticipation, which was greater
in paternal (22.8 ± 13.3 years, N = 15) than in maternal
transmissions (12.5 ± 6.2 years, N = 8) (P < .02). The
age at onset was influenced neither by the sex of the
affected subjects nor by the sex of the transmitting par-

ents. However, four of the five affected children had the
disease transmitted by their father, one by its mother.
In the five affected children, four from family BRA and
one from family UK, the disease started between 8 mo

and 2 years of age, and all five died before age 5 years.
There was a positive correlation between the age at onset
and disease duration to death (mean 15.1 ± 10 years,
N = 15, P < .0005), indicating the presence of true
anticipation. Finally, incomplete penetrance was sug-
gested by the observation of six apparently unaffected
subjects at the time of death, three females and three
males, who had transmitted the disease to at least one
offspring. Three of the obligate carriers died before the
age of 50 years, and the remaining three died at ages
52, 65, and 70 years.

Linkage Analysis
Pairwise linkage analysis in the Brazilian family BRA

generated significant LOD scores of 3.21 at 0 = .06, 5.18
at 0 = .04, and 3.44 at 0 = .00 for markers D3S1600,
D3S1287, and D3S3635, respectively (table 2). For
marker D3S3698, a maximum LOD score (Zmax) of 2.91
was obtained at 0 = .00. In the British family UK, posi-
tive values of .70 at 0 = .00, .48 at 0 = .00, and .50 at
0 = .00 for markers D3S3698, D3S1600, and D3S1287,
respectively, were suggestive of linkage. A test for link-
age homogeneity was performed for marker D3S1600,
with families BRA and UK and with the four families
CA-1, RBT-002, RBT-007, and SAL-313 analyzed in a
previous study (Benomar et al. 1995). With the
HOMOG program (Ott 1991), the hypothesis of linkage
and genetic homogeneity was supported with odds of 7
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Table 2

Pairwise LOD Scores between SCA7 and 3p12-p14.1 Markers in Two Families

MARKER LOD SCORE AT 0 =
AND
FAMILY .00 .01 .05 .1 .2 .3 .4 Zmax MAXIMUM 0

D3S1312:
BRA -5.74 -1.00 .24 .58 .56 .29 .06 .64 .14
UK -3.14 -.86 -.22 .01 .14 .14 .08 .15 .24

Overall -8.88 -1.86 .02 .59 .70 .43 .14 .70 .20
D3S3566:
BRA 1.14 1.12 1.04 .92 .66 .40 .18 1.14 .00
UK .08 .07 .06 .05 .03 .01 .00 .08 .00

Overall 1.22 1.19 1.10 .97 .69 .41 .18 1.22 .00
D3S3698:
BRA 2.91 2.86 2.65 2.33 1.57 .81 .24 2.91 .00
UK .70 .67 .59 .48 .31 .18 .08 .70 .00

Overall 3.61 3.53 3.24 2.81 1.88 .99 .32 3.61 .00
D3S1600:
BRA 1.31 2.73 3.21 3.08 2.27 1.23 .34 3.21 .05
UK .48 .46 .40 .33 .20 .09 .02 .48 .00

Overall 1.79 3.19 3.61 3.41 2.47 1.32 .36 3.67 .07
D3S1287:
BRA 2.51 4.92 5.14 4.76 3.53 2.10 .78 5.18 .04
UK .50 .49 .44 .39 .29 .18 .09 .50 .00

Overall 3.01 5.41 5.58 5.15 3.82 2.28 .87 5.75 .07
D3S3635:
BRA 3.44 3.36 3.04 2.62 1.75 .89 .22 3.44 .00
UK -3.67 -1.28 -.61 -.35 -.13 -.04 -.01 .00 .50

Overall -.23 2.08 2.43 2.27 1.62 .85 .21 2.44 .12

x 107 against the hypothesis of no linkage. Posterior
probabilities of linkage with D3S1600 were 1.00, .72,
1.00, .75, .83, and .66 for families BRA, UK, CA-1,
RBT-002, RBT-007, and SAL-313, respectively.

Calculations also were performed with the more con-

servative "affected-only" method and showed, in family
BRA, significant values of 3.29 at 0 = .04, 3.59 at 0

= .00, and 4.36 at 0 = .03 for markers D3S3631,
D3S3698, and D3S1287, respectively (data not shown).
For marker D3S3698, the higher Zmax in the affected-
only calculation probably was due to the frequency of
the linked allele (40%), present in many asymptomatic
"at-risk" individuals. In family UK, pairwise LOD
scores gave similar results (data not shown).

Recombination events, detected by haplotype recon-

struction, confirmed the results obtained by linkage
analysis. Interestingly, the three patients with no affected
first-degree relatives carried the haplotype segregating
with the disease in their family (BRA-8993 [data not

shown] and UK-9178) or part of it (BRA-9015). The
telomeric boundary was defined by the independent re-

combination events observed in individuals BRA-9023,
BRA-9015, and UK-8053 (fig. 2), between the SCA7
locus and marker D3S1312. A single recombination
event between the SCA7 locus and marker D3S1600, in
individual BRA-9015, defined the centromeric boundary
(fig. 2). This recombination event must have occurred

in an older generation, since the recombinant haplotype
linked to the disease in individual BRA-9015 is carried
also by three of her siblings. This result is in accordance
with the recombination event, observed in still-unaf-
fected individual UK-9176 and transmitted to her af-
fected daughter UK-9178, between marker D3S3635
and the disease locus. The SCA7 locus thus can be re-
stricted to the 5-cM interval between markers D3S1312
and D3S1600.

Physical Mapping of the SCA7 Locus: YAC Contig
Construction
DNA from the 70 selected YACs was screened for 18

genetic markers that span 13 cM between D3S1300 and
D3S1285. These markers failed to identify 19 YACs,
which were eliminated from the study. Comparison of
marker content among YACs permitted us to estimate
their overlap and to order them along the genetic map
(summarized in fig. 3). The order of the genetic markers
from the Genethon map (Dib et al. 1996) was confirmed,
except for marker D3S3631. This marker, which was
found to map between D3S1300 and D3S1312, pre-
viously had been placed at the same locus as D3S3566
on the Genethon map. Similarly, we were able to order
other markers-D3S3635, D3S3571, and D3S3644-
placed at the same locus. These results were confirmed
by the observation of recombination events either be-
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Figure 2 Haplotype reconstruction in partial pedigrees of two families presenting with ADCA type II. Reconstructed haplotypes for 11
chromosome 3p microsatellite markers are represented below the symbols. Haplotypes segregating with the disease are boxed. Deduced
haplotypes are bracketed.

tween markers D3S3631 and D3S1312 in a family de-
scribed elsewhere (Benomar et al. 1995) or between
markers D3S3635 and D3S3571 in family UK (fig. 2).
Nonpolymorphic markers were ordered on the frame-
work map determined with the polymorphic microsatel-
lites. All orders are supported by the information gener-

ated by at least two YACs.

FISH Analysis
Eleven YACs (801 a 8, 830_a 12, 882_d_9,

910 d_16, 924 b_12, 965 a_3, 846_g 11,

953 a 12, 842 e 6, 811_f 12, and 823_ f 12)
were selected for a minimal contig of the SCA7 locus,
according to their large size and marker content. All
these YACs were tested for chimerism, by FISH. All
YACs except 965 a_3 yielded specific signal on chro-
mosome 3pl2-pl3. Chimerism was detected for three
YACs: 882 d 9, 910_d_6, and 811 f_12. Two
nonchimeric YACs, 830 a 12 (660 kb) and 801 a

8 (1,520 kb), contained all the STSs between D3S1312
and D3S1600, which define the boundaries of the candi-
date interval.
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Figure 3 Contig map spanning the SCA7 locus on chromosome 3pl2-pl3. The SCA7 candidate region is defined by dotted lines.
Polymorphic markers are represented by black circles, and nonpolymorphic markers are represented by black squares. Deletions are represented
by brackets, and YACs tested by FISH are in italics.

Discussion

In this study, linkage and haplotype analyses of two
new families originating from Brazil and the United
Kingdom reduced the SCA7 region to the 5-cM interval
between the markers D3S1312 and D3S1600, on chro-
mosome 3pl2-pl3. This interval is covered entirely by
a nonchimeric 660-kb YAC.
ADCA type II is clinically distinct from the other

ADCAs. The great variability in age at onset, initial
symptom, disease duration, and age at death are the
main characteristics. As opposed to the situation in
childhood- or young-adult-onset cases, loss of vision is
not observed as the initial symptom in late-onset pa-

tients. This could be explained by the physiological de-
cline that may overshadow the pathological sign, the
more benign course of the disease in this age class, and/
or the fact that the lesion may remain infraclinical for
many years (Benomar et al. 1994; Enevoldson et al.
1994). Detailed color-vision analyses, particularly for
the blue/yellow axis, should have been useful in de-
tecting early maculopathy, but, unfortunately, it was not
possible to include them in the evaluation protocol used

in the present study. Our results agree with other re-
ports, confirming anticipation that is greater in paternal
than in maternal transmissions, with earlier age at onset
and with a more rapid clinical course in successive gener-
ations (Benomar et al. 1994, 1995). The effect of paren-
tal sex is evident in severe infantile forms, which were
paternally transmitted in four of five cases. Anticipation
could also account for some cases of incomplete pene-
trance. Six asymptomatic individuals with various ages
at death and/or examination, <72 years of age, were
obligate gene carriers, as attested by the observation of
an affected child. The parental sex also could affect the
nature of the first symptom of the disease, as reported
for other disorders caused by unstable trinucleotide re-
peats-disorders such as Huntington disease, in which
subjects with the rigid form have a preponderance of
affected fathers (Harper 1991).

Linkage analysis with 11 microsatellite markers estab-
lished that SCA7 is the locus for ADCA type II in two
new families from the United Kingdom and Brazil.
Taken together with previous analyses of families of
various geographical origins, these results strongly sup-
port the hypothesis that ADCA type II, unlike ADCA
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type I (Rosenberg 1995), constitutes a single genetic en-
tity (Benomar et al. 1995; Gouw et al. 1995; Holmberg
et al. 1995). Haplotype reconstruction revealed, in pa-
tients, independent recombination events that defined
the telomeric boundary. The centromeric boundary was
defined by the single recombination event between
marker D3S1600 and the disease locus detected in pa-
tient BRA-9015, age 53 years, also observed in three
still-asymptomatic siblings. This patient presented with
typical cerebellar ataxia associated with ophthal-
moplegia and brisk reflexes but with no loss of visual
acuity, which can manifest much later than the cerebel-
lar syndrome, especially in late-onset cases (Benomar et
al. 1994).
The refinement of the SCA7 region permitted the con-

struction of a physical map based on a YAC contig.
Eighteen polymorphic or STS markers were placed on
this map, in an order that minimized YAC deletions.
The order of the polymorphic markers at different loci
was identical on the Genethon genetic map and the YAC
contig, except for marker D3S3631. For this marker and
those placed at the same locus, the order on the physical
map was confirmed by recombination events observed
in SCA7 families. Finally, the order of the other STSs,
based on the information from at least two YACs, still
must be confirmed.
Most of the resulting map is consistent with previous

reports (Whitehead Institute for Biomedical Research
database; Gemmill et al. 1995). However, three YACs-
143__c 5, 204_e4_ and 225__c 12-were
mapped to an interval different than that described by
Gemmill et al. (1995). In the latter map, all these YACs
were deleted for probe D3S2589, generated by the YAC
340F6L end, suggesting that this probe does not map to
the interval between D3S311 and D3S2598. We propose
that markers between D3S311 and D3S2598 should be
positioned between D3S1312 and D3S316. This order
reduces the number of deletions in nine YACs but cre-
ates deletions in only two YACs, 413 c 6 and
134 f 11.
Two nonchimeric YACs, 801_a__8 and 830_a__12,

carry all the STSs that span the candidate region. If YAC
830 a 12 is not deleted, the SCA7 candidate region
is <660 kb. According to the usual estimate of 1 cM
for 1 Mb, the recombination rate in this 660-kb region
is approximately eightfold greater than expected. This
suggests that the SCA7 region might be a recombination
hot spot.
An unstable translated (CAG)n-triplet expansion has

been implicated in five other neurodegenerative disor-
ders, including two subtypes of autosomal dominant cer-
ebellar ataxia (La Spada et al. 1991; The Huntington's
Collaborative Research Group 1993; Orr et al. 1993;
Kawaguchi et al. 1994; Koide et al. 1994; Nagafuchi
et al. 1994). We confirm that, as in these disorders,
anticipation is a major characteristic in ADCA type II.

A recent study has established that an expanded polyglu-
tamine tract, encoded either by a (CAG)n expansion or
by a (CAA)n expansion, is implicated in ADCA type II
(Trottier et al. 1995). Furthermore, repeat-expansion
detection (RED) assays (Shalling et al. 1993) suggest
that expanded CAG repeats cosegregate with the disease
(Linblad et al., in press). Taken together, the knowledge
of the probable involvement of a CAG repeat and the
refinement of the SCA7 locus to a 660-kb interval, en-
tirely covered by a YAC contig, should facilitate identi-
fication of the responsible gene.
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